This study aims to investigate the precipitation trends in Keszthely (Western Hungary, Central Europe) through an examination of historical climate data covering the past almost one and a half centuries. Pettitt's test for homogeneity was employed to detect change points in the time series of monthly, seasonal and annual precipitation records. Change points and monotonic trends were analysed separately in annual, seasonal and monthly time series of precipitation. While no break points could be detected in the annual precipitation series, a significant decreasing trend of 0.2-0.7 mm/year was highlighted statistically using the autocorrelated Mann-Kendall trend test. Significant change points were found in those time series in which significant tendencies had been detected in previous studies. These points fell in spring and winter for the seasonal series, and October for the monthly series. The question therefore arises of whether these trends are the result of a shift in the mean. The downward and upward shift in the mean in the case of spring and winter seasonal amounts, respectively, leads to a suspicion that changes in precipitation are also in progress in these seasons. The study concludes that homogeneity tests are of great importance in such analyses, because they may help to avoid false trend detections.
Introduction
There is no doubt that global warming and climate change represent a potential hazard to human socio-economic systems and our present way of life. The IPCC AR 5 (2013) gives a detailed description on the basis of scientific findings of the physical driving forces of climate change and the potential consequences that it is likely humanity will have to face in the future. Since changes in global climate should not and cannot be avoided, adaptation and mitigation are of the highest importance. The member states of the European Union are leaders in the mitigation of the effects of climate change, and lead the way in the development of a model for the advance of national climate adaptation and mitigation strategies (Pietrapertosa et al. 2018 ). Hungary has developed its own National Adaptation Strategy and Policy within the framework of the European countries. According to a study by Aguiar et al. (2018) , 11 Hungarian municipalities developed their own climate adaptation strategies between 2007 and 2013. In the case of Europe-wide adaptation funding, large municipalities tend to organize this locally, but for smaller urban units and rural areas, international and national funding is of greater importance (Aguiar et al. 2018) .
Changes in precipitation have serious effects on human society and are the focus of investigation in many scientific fields, e.g. hydrology, agriculture and environmental sciences (Zhao et al. 2018) . Rain gauges deliver the only direct measurement of point precipitation, providing a basic source or reference for precipitation related studies despite the inevitable uncertainties (Schroeer et al. 2018; Sun et al. 2018) . Applied worldwide, rain gauges measure precipitation amounts accurately close to the ground (Schroeer et al. 2018) .
Changes in precipitation trends and wet conditions because of climate change are not uniform globally, nor are these processes the same across Europe. Spinoni et al. (2017) used a standardised precipitation index (SPI) driven by precipitation to describe tendencies in meteorological droughts , and their results show a significant tendency toward less frequent and severe droughts over North-Eastern Europe (especially in winter and spring), and a moderate opposite trend over Southern Europe (especially in spring and summer). Between 1980 and 2015, the researchers found a significant tendency toward drier conditions in Central Europe in spring. Spinoni et al. (2015) reported that in Central Europe and the Balkans, drought variables show a moderate increase. Long-term (over a period of 120 years) trends in precipitation characteristics were analysed by Kumar et al. (2013) using data from three Italian weather stations (in Florence, Pisa and Palermo). A highly significant negative trend was found in the number of rainy days at Florence and Pisa, and negative tendencies were detected in the annual precipitation amount at Pisa and Palermo (Kumar et al. 2013) . A 124-year precipitation time series was analysed by Pakalidou and Karacosta (2018) for Thessaloniki in Greece using the Mann-Kendall trend test, and a positive trend was detected in the annual data and for spring, autumn and winter. The only negative tendency among the seasonal analyses was the trend of the summer precipitation amount (Pakalidou and Karacosta 2018) . Besides these long-term trends, the intensity of precipitation may also change. Irannezhad et al. (2016) reported that in Finland the annual number of occasions on which very light precipitation occurred significantly decreased between 1908 and 2008. Madsen et al. (2014) summarized the trend analysis and climate change projections of extreme precipitation and floods for the territory of Europe in a review. There is evidence that a general increase in the incidence of extreme precipitation is likely in the future in Europe (Madsen et al. 2014) . Pinskwar et al. (2019) examined the changes of precipitation extremes in Poland for the period 1961-2015, and found that daily maximum precipitation increased for the summer half-year, and most of the statistical indices of the time series of the precipitation extremes are higher between 1990 and 2015 than in 1961-1990 . In Thailand, the number of precipitation events declined, but they became more intense over the period 1955 (Limsakul and Singhruck 2016 .
Changes in climatic conditions are common phenomena in the history of the planet. Examining the proxy data of Paleocene-Eocene thermal maximum, Carmichael et al. (2018) found that changes in extreme precipitation behaviour may be decoupled from those in mean annual precipitation. Bodri and Dövényi (2004) reconstructed the formation of the temperature conditions of the Carpathian Basin for the past two millennia; these contained four main episodes, the last of which was a cooling period culminating around 1850 after a general warming episode. In the future, it is likely that Hungary (and elsewhere) should expect to be faced with another warming period, though not only warming, but accompanied by drastic changes in precipitation patterns in the Carpathian Region, as highlighted in several pieces of research (Kis et al. 2017; Bartholy et al. 2015; Pongrácz et al. 2014 ). Based on model outputs, substantially drier conditions should be expected for summer, with an increasing chance of drought. In winter, slightly more precipitation is to be expected. It may be supposed that the temporal distribution of precipitation will undergo structural changes. The frequency of heavy precipitation is projected to decrease in summer, but increase in the other seasons. These projections highlight the importance of hydrological and agricultural planning (Bartholy and Pongrácz 2010) , these being those sectors most likely to be affected. Ecological impact studies often focus on the modification of vegetation patterns (Szelepcsényi et al. 2018) , and the increased drought hazard in protected natural reserve territories (Ladányi et al. 2015) . One of the more frequently investigated problems seems to be the impact of the precipitation in causing dynamic evolution to occur in groundwater flow systems (see, for example, Havril et al. 2018 ). Garamhegyi et al. (2018) investigated the periodic behaviour of the shallow groundwater level in Hungary and its link to large-scale circulation patterns. The results obtained could be used to gain an insight into possible changes in drought frequency and duration in the future. Long-term gradual changes in abiotic factors (e.g. precipitation) cause changes in soil formation processes by modifying the soil water regime, mineral composition and organic matter formation (Gelybó et al. 2018) . Csáki et al. (2018) reported that increasing temperatures in the twenty-first century are projected to cause a reduction in long-term runoff that may exceed 53% for the Zala watershed, that is, an area linked to a river with a vital connection to the waters of Lake Balaton. Such future changes represent a potentially severe risk to the agricultural sector in the region, and adaptation by the stakeholders in the sector will necessarily be very important. Li et al. (2017a) investigated how Hungarian farmers perceive climate change risk, and their willingness to adapt to it. Li et al. (2017b) point out that the adaptation strategies of the farmers to climate change are highly affected by socio-economic changes in Hungary.
The aim of the present study was to investigate changes in precipitation over the past almost one and a half centuries on a local scale, at Keszthely, a location situated in an important region for tourism, agriculture and a preservation area for the natural environment, and especially biodiversity in the West-Balaton wetland (Fig. 1) . The Carpathian Basin is expected to experience extreme weather conditions with highly variable inter-and intra-annual precipitation (and air temperature) events. Changes in annual precipitation and their temporal distribution seem to be almost capricious in their extremity, carrying a risk to those areas sensitive to water scarcity. The location of the study, Keszthely, is at the north-western end of Lake Balaton (Hungary), an area particularly vulnerable to variation in precipitation on account of the shallowness of the lake (Fig. 1 ); any change in water level may cause impoverishment in species diversity in the lake. This theme is worthy of a serious follow-up, as permanent meteorological observations at Keszthely Meteorological Station have been carried out since 1871. This meteorological station was among the first to implement continuous observation in Hungary, and indeed in Europe. The results of the analysis may also be a source of reference information to specialists dealing with the on-site impacts of global warming. The consideration of almost one and half centuries of rainfall data as well as the vulnerable nature of the study site makes the analysis relevant even to an international readership.
Data and methods

Data used
Figures for monthly precipitation for the period 1871-2014 were analysed. The time series of yearly amounts, seasonal amounts and monthly amounts of precipitation were also examined, and an analysis was conducted with the aim of identifying change points and monotonic trends. Each time series contained 144 data. The dataset was complete, without missing data.
In the first instance, the data were measured at the longestablished Georgikon Academy of Agriculture in Keszthely, and later, at the meteorological station of the Hungarian Meteorological Service. The dataset was provided by the Department of Meteorology and Water Management of the University of Pannonia, Georgikon Faculty (Keszthely). This dataset is special because few stations in Hungary have continuous measurements spanning more than 140 years, and also possess a detailed historical background (Kocsis and Anda 2006) . The Keszthely meteorological station was one of those few, important stations in Hungary that began taking measurements right from the beginning of Hungarian meteorological observations. The record measurements remain unbroken up to the present day, in spite of the fact that the station has been moved several times. At the beginning of the period over which measurements have been taken, the rules governing the location and operation of the station were not so strict, so the observations were made in the central building of the Academy in the town centre. In 1962, the whole station was relocated to the research station of the Georgikon Agricultural Academy. Again, in 1966-because of urbanisation-the meteorological station was moved to the outskirts, near Lake Balaton, as the Observatory of the Hungarian Meteorological Service. Between 1966 and 1995, the station was located at the nearest point to the lake of all the meteorological stations of the town, and had the most frequent observation schedule. The exact position of the station was then E 17°14′, N 46°45′, elevation 116 m above Baltic sea level. Five meteorologist-technicians worked continuously in the observatory all day, providing current weather observations hourly. In 1971, an Agro-meteorological Research Station was founded within the shared framework of the Hungarian Meteorological Service and of the University of Agriculture (successor to Georgikon Agricultural Academy). This station was placed at the edge of town, and has continued taking meteorological measurements since 1995.
The current position of the Keszthely meteorological station is E 17°14′, N 46°44′, elevation 114.2 m above Baltic sea level. In the autumn of 1996, a MILOS 500 automatic meteorological station was set up at the agro-meteorological station. In the winter of 2000, the MILOS 500 automatic weather station was replaced with a QLC 50 automatic meteorological station. The automatic station forwards the measured data to the central ORACLE data set of the Hungarian Meteorological Service via the internet. QLC 50 looks at the following parameters: global radiation, velocity and direction of the wind, air temperature, air humidity, temperature of the soil at various depth (5, 10, 20, 50 cm), grass temperature and precipitation amount. Until the automatisation of the measurements (1996), a Hellmann-type rain gauge was used for the measurement of precipitation. But besides the automatic measurement of the tipping bucket rain gauge, the mechanical Hellmann-type rain gauge is also still in use, because in heavy storms it provides a more precise measurement. At present, the station is under the operational jurisdiction of the Department of Meteorology and Water Management of the University of Pannonia Georgikon Faculty, and is a vital part of the Hungarian Meteorological Observation Network. Anda et al. (2015) The precipitation in Keszthely consists mainly of rain, with only a limited number of days with snow cover, averaging 32 days during winter. These snowfall events are distributed from November through March, when precipitation as snow or mixed with rain appears. As of the present, the Hungarian National Meteorological Service (OMSZ) does not attempt to correct either wind influence or snowfall. The Agrometeorological Research Station (ARS) at Keszthely is a vital part of the official observation network of the OMSZ housed in Budapest. At the same time, the station (Agrometeorological Research Station, ARS) also belongs to the Department of Meteorology and Water Management in Keszthely (University of Pannonia, Georgikon Faculty). As long as the staff of the local station is responsible for the smooth operation of instruments, including rain gauge, collected data are transferred to OMSZ for quality control before use. The ARS receives the processed precipitation data. The OMSZ uses the MASH method (Szentimrey 1999) in the homogenisation of long-term data series.
At Keszthely, as a part of the Hungarian observation network, a mechanical Hellmann-type rain gauge with an accuracy of 0.1 mm has been in operation since 1900. Before this time, the first installations of rain gauges between 1871 and 1900, the so called BAustrian-pattern^-type instrument was used (Nagy and Nagy 2000) . The recording tipping bucket with a 10-min frequency was only installed in 1996. The top of the funnel was located at 1 m above the ground surface during the whole investigated period.
More than a century-long unbroken precipitation data measured by the Hellmann-type rain gauge at stations with close geographical positions may be considered exceptional. Due to the position of Keszthely on a flat lakeshore of Lake Balaton, the station's various elevations hardly changed (114.2-123.0 m) from the beginning of observations. As a result of the subjection of Keszthely to spreading urbanisation, the station displacements never exceeded 1-1.5 km. In the mid latitudes, for coherent precipitation data over flat terrain, even interpolation should yield acceptable results on scales smaller than 10 km (Dingman 2015) . The density of precipitation stations within the Hungarian operational network, including former precipitation stations, covers these scales. The small distances between the stations, the flat area (elevation ranging from 114.2 to 123.0 m) and the limited number of rain gauge types used seem to constitute a guarantee that the precipitation data were not significantly skewed or distorted during the whole observation period. The coincidence of 100-plus years of precipitation data collected using two types of rain gauge already said, which should be clear in one town with almost the same geographical positions, creates a unique opportunity for longterm precipitation series analysis. The missing precipitation data used to be replaced by data of Sármellék Airport (46°42′N; 17°10′E; 124 m) , which is the closest meteorological station to Keszthely.
Statistical methods
Inhomogeneity in time series can cause the incorrect interpretation of extreme events (Rahman et al. 2017) , and be misleading in the interpretation of tendencies in the time series. Abrupt changes in the mean are one of the normal outcomes of inhomogeneity in time series data (Rahman et al. 2017) . The importance of the homogeneity test is pointed out by Buffoni et al. (1999) , and Reiter et al. (2012) . Several methods can be used to detect abrupt changes: Pettitt's test is a widespread non-parametric method to detect inhomogeneity, the change point in a time series (Arikan and Kahya 2019) .
The application of the Mann-Kendall non-parametric trend test is recommended by the World Meteorological Organization to detect statistically significant tendencies in environmental datasets (Irannezhad et al. 2016) . The use of the Mann-Kendall trend test is widespread in the analysis of climatological and hydrological time series, because it is simple and robust, and can cope with missing values and values falling beneath the detection limit (Gavrilov et al. 2016 ). This non-parametric test is commonly used to detect monotonic tendencies in series of environmental data, too (Pohlert 2016) . No assumption of normality is required (Helsel and Hirsh 2002) . Hamed and Rao (1998) developed a modified Mann-Kendall test for autocorrelated data. The application of this modified method is presented by Amirataee et al. (2016) , for example. Yue et al. (2002) investigated the power of the Mann-Kendall test in hydrological time series.
Homogeneity test of the data
The Pettitt test (Pettitt 1979 ) was chosen to detect inhomogeneity in the time series analysed in this research. In that research, a non-parametric approach to change-point analysis was proposed that is still widely used. This test detects shifts in the average and calculates their significance (Liu et al. 2012 ) in a hypothesis test. The null hypothesis is that the data are homogeneous, as against the alternative hypothesis that there is a datum at which there is a change in the data. The empirical significance level (p value) was computed using XLSTAT 2018v.5. In the present instance, this test was performed at a significance level of 5%.
Mann-Kendall trend test and Sen's slope estimator
The Mann-Kendall trend test is based upon the work of Mann (1945) and Kendall (1975) , and is closely related to Kendall's rank correlation coefficient. Here, the methodology is introduced, following the detailed descriptions given by Gilbert (1987) and Hipel and McLeod (1994) , as summarized below.
To determine the presence of monotonic trend in a time series, the null hypothesis (H 0 ) of the Mann-Kendall test is that there is no monotonic trend in the series. The alternative hypothesis (H a ) is that the data follow a monotonic trend over time. The Mann-Kendall test statistic is given as (Eq. 1):
where j > k and k = 1,2,…, n−1 j = 2,3,…, n and n is the number of the data.
Sgn (x j −x k ) is calculated as follows (Eq. 2).
Kendall (1975) proved that S is asymptotically normally distributed with the following parameters (Eq. 3):
where g is the number of tied groups in the data set, t p is the number of data in the p th tied group, n is the number of data in the time series.
A positive value for S means that there is an increasing trend; a negative value for S means the opposite, that there is a decreasing trend with time. For n > 10, e.g. more than ten observations, a standard normal random variable, Z, can be used in the hypothesis test (Eq. 4):
S is closely related to Kendall's rank correlation coefficient (τ); therefore, testing τ is the equivalent to testing S (Eq. 5):
where D is the possible number of observation pairs from a total of n observations (Eq. 6).
In the course of the hypothesis test, a significance level of α = 5% was used in a two-tailed test, in which the null hypothesis is that there is no monotonic trend is the time series (H 0 : τ = 0), and the alternative hypothesis is that there is a significant monotonic trend in the time series (H a : τ ≠0). The empirical significance level (p value) was determined.
The presence of positive autocorrelation in the data increases the chance of detecting trends when actually none exists, and vice versa (Hamed and Rao 1998) . This effect of the existence of autocorrelation in data is often ignored: Hamed and Rao (1998) supposed a modified non-parametric trend test suitable to autocorrelated data, and gave a detailed description of the modified Mann-Kendall trend test for autocorrelated data. In the present study, this type of Mann-Kendall test was also applied to avoid the above uncertainty. This version is based on the modified variance of S (Var*(S)) (Hamed and Rao 1998; Taxak et al. 2014 ) (Eq. 7)
The correction factor ( n n * s ) is evaluated as follows (Taxak et al. 2014; Hamed and Rao 1998) 
where ρ s (i) is the autocorrelation between the ranks of the observations calculated after subtracting a non-parametric trend estimator such as Sen's slope estimator, and n * s is the 'effective' number of observations to account for autocorrelation in data.
Only significant values of the ranks (ρ s (i)) are used as Var(S) is underestimated in case of presence of positive autocorrelation (Taxak et al. 2014; Hamed and Rao 1998) .
In the case of the detection of a non-parametric trend, Sen's slope estimator (Sen 1968 ) was applied. This is a nonparametric method that can calculate the change per unit time (direction and volume). Sen's method uses a linear model to estimate the slope of the trend, and the variance of residuals should be constant in time . First, N′ slope estimates were calculated (Q) (Eq. 9):
where x i' and x i are the data values at times i′ and i, respectively, and where i′>i, N′ is the number of data pairs for which i′>i.
If there is only one datum in each time period (Eq. 10),
where n is number of time periods (Gilbert 1987; Gocic and Trajkovic 2013) . The N′ values of Q are ranked from smallest to largest, and the median of Q values gives the slope of the tendency. The advantage of this method is that it limits the effect of outliers on the slope (Shadmani et al. 2012) , and it is robust and free of restrictive statistical constraints (Lavagnini et al. 2011; Kocsis et al. 2017) . The confidence interval of the Sen slope was estimated at a confidence level of 95%. XLSTAT (2018v.5) statistical software was used to carry out the computations.
Results
Homogeneity test of the yearly, seasonal and monthly precipitation amounts
Pettitt's test was used in a two-tailed test in which the null hypothesis was that there is no shift in the mean in the dataset. The alternative hypothesis was that there is a certain datum at which a change point can be detected and the mean of the dataset shifts at this break point. The empirical significance level (p value) is shown in Table 1 . Statistically significant change points can be detected in spring, in winter and in October. In the time series of spring precipitation amounts, the significant shift of the mean is downward, and the break point occurs in 1942. After extensive research in the meta-data and archive information concerning the history of the measurements, no apparent explanation could be found for this change point. The same can be stated for the significant upward change point in the winter. This break point occurred in 1899. In the case of the precipitation amount dataset for October, a significant downward break point occurs in 1941. No physical reason which would explain this could be found in the archive information, and in the historical background of the measurements, the relocation of and other changes to the station did not result in change points in the time series. Significant monotonic tendencies had previously been detected in spring and autumn and in October using the Mann-Kendall trend test (Kocsis and Anda 2018) . As in the time series of the autumn precipitation amount, no shift can be detected, and so the significant monotonic tendency should be accepted as fact. But in spring and October, the question arises of whether the significant monotonic trend is a consequence of the change point. The datasets were therefore divided at the break point. Only one significant break point could be detected in any of the cases. The separate parts were examined from the perspective of the monotonic trend. The shifts in the mean at the change points are given in Figs. 2, 3 and 4 .
A significant downward shift can be detected in spring. The mean seasonal amount of precipitation was 180.33 mm in the period before the date of the break point (the red line in Fig. 2) . Due to the shift in the average, the figure for the mean amount of precipitation in spring was 143.5 mm in the period after the break point (green line in Fig. 2 ). In the winter season, a significant upward shift can be statistically demonstrated, and the average amount of precipitation was 81.59 mm in the period before the date of the break point (the red line in Fig. 3) , while it was 118.66 mm in the period after (the green line in Fig. 3) . In October, a downward break point can be detected. The amount of monthly mean precipitation was 69.49 mm in the period before the date of the break point (the red line in Fig. 4) , and 47.67 mm in the period following the shift (the green line in Fig. 4) 3.2 Mann-Kendall trend test of the yearly, seasonal and monthly precipitation amounts Table 2 shows the p values of the non-parametric Mann-Kendall trend test for detecting monotonic tendencies. The tendencies were also analysed using an autocorrelated Mann-Kendall trend test, as modified according to Hamed and Rao (1998) to take into account the possibility of autocorrelation in the meteorological data.
If an autocorrelated trend test was used, a significant monotonic tendency could be detected in the annual dataset. Here, S is negative, and a decreasing trend may therefore be supposed. The decreasing monotonic trend of the autumn precipitation amounts is statistically significant. But, in the case of those time series with significant change points, the divided parts do not show any significant tendency. It may therefore be concluded that in the case of October-where a previously significant decreasing trend could be detected for the whole dataset-this result was the consequence of a downward shift in the mean. Separating the time series at the significant change point, no significant trend could be recognised. The same can be concluded in the case of the spring dataset. Table 3 represents the lower and upper values of the confidence intervals in Sen's slope at the 95% probability level for significant trends. If autocorrelation is taken into account, a decreasing tendency of 0.2-0.7 mm per year may be discerned. In the autumn-in both simple and autocorrelated Mann-Kendall trend tests-Sen's slopes yield the same values. Between 1871 and 2014, a decrease of 0.15-0.38 mm per year can be detected in the autumn precipitation amount.
Discussion
Previous results published by the authors of the present study, and based on a simple Mann-Kendall trend test (Kocsis and Anda 2018) , showed significant declining tendencies in the amounts of spring and autumn seasonal precipitation, and also in October. The question arises whether these trends are consequences of a long-term change or results of abrupt changes in the mean. A significant break point identified by Pettitt's test can be detected in the series of spring seasonal precipitation amounts and in the time series of winter and October. In the series of the seasonal amount of autumn, no inhomogeneity can be found; therefore, the significant decreasing tendency-with enhanced significance if the autocorrelation of the data is taken into account-can be accepted by a decrease of 0.15-0.38 mm per year. In the case of the amount of spring precipitation, the declining tendency previously observed is likely to be the consequence of an abrupt change in the average, as a significant break point was found in the time series. The direction of the shift in the mean is downward, but the parts of the time series separated at the date of the break point do not show any significant trends. In October, a significant downward break point occurred and the parts of the time series separated at the date of the break point do not sign any significant tendencies. An additional result was that no break point can be detected in the series of the annual amount of precipitation, but in the autocorrelated Mann-Kendall trend Fig. 3 Significant change points and upward shifts in the mean in the precipitation amounts for winter (1871-2014) Fig. 2 Significant change points and downward shifts in the mean in the precipitation amounts for spring test a significant decreasing trend of 0.2-0.7 mm per year can be statistically shown. A significant upward shift in the mean can be detected in the winter seasonal precipitation amount. These downward and upward shifts in the mean in the case of spring and winter seasonal amounts, respectively, all lead one to suspect that changes in precipitation are also in progress in these seasons.
These results concerning ongoing changes are to a large degree consistent with the future projections of Bartholy and Pongrácz (2010) , but are nonetheless in contradiction with the results for the wider region of Domokos and Tar (2003) , in which significant declining trends in annual amounts of precipitation and in seasonal precipitation amounts for Hungary in the period of 1901-1998 are reported, including for winter, as well. Precipitation has the potential for great variability in space and time. Climate change has different effects on the modification of precipitation amounts all over Europe. Brázdil et al. (2012) did not find any significant change in the annual and seasonal time series of precipitation amounts over the period 1882-2010 in the Czech Republic. In Greece, a general and clear decreasing trend was detected in the annual precipitation by Feidas et al. (2007) for the period 1955-2001, with a declining tendency in winter precipitation. In central Italy, a negative but not significant trend can be detected in annual precipitation for the period 1951-2012, and a reduction in precipitation is evident in winter (Scorzini and Leopardi 2019) . A significant decreasing tendency was statistically demonstrated for the mountainous region of Croatia in the annual and in the summer precipitation amounts by Gajic-Capka et al. (2015) for the period 1961-2010. An annual decrease in precipitation and decline in summer and autumn precipitation was detected by Alexandrov et al. (2004) (2015) conducted analyses on the territory of Vienna Woods and found increasing tendency in winter precipitation, while a decreasing trend in summer was also found for the years 1960 to 2009. In longterm analyses, Karagiannidis et al. (2008) found a 3-year periodicity resulted by ENSO in the precipitation time series of Hungary, Austria, the Czech Republic, Slovakia and the central Mediterranean. Sun et al. (2014) detected increasing tendencies in annual precipitation time series using the Mann-Kendall test in Western, Eastern and Northern Europe (1948-2010) . As against this, an examination of precipitation in Potsdam did not show significant tendency (1893-2005) (Kürbis et al. 2009 ). In summary, in many parts of Europe declining tendencies in the annual amount of precipitation have been reported by several researchers, and the result of this study is consistent with this large-scale change; microclimatic conditions can, however, modify these large-scale tendencies and cause small-scale differences.
Conclusion
Precipitation is a meteorological element that varies dramatically in space and time. It displays a high degree of variability in central Europe; as a consequence, a significant changing tendency may be statistically demonstrated when the change is very large (Niedzwiedz et al. 2009 ). The simple Mann-Kendall test does not show significant change in the annual precipitation amount, but the autocorrelated Mann-Kendall trend test does indicate a significant decreasing trend in the annual data by an amount of 0.2-0.7 mm per year. Consequently, it might be suggested that in such analyses the autocorrelation of the data should be checked. Results showed a decreasing tendency in the seasonal precipitation amounts in the autumn (0.15-0.38 mm decrease per year) in accord with the literature describing the precipitation trend in the wider region of Hungary. Besides this, the shift in the mean in the spring and winter precipitation amounts might be the sign of changes and modifications that were not slow and gradual, but abrupt and drastic shifts. The effects of these shifts on the environment and on agricultural systems are similar to those of the trends. Therefore, even if significant trends cannot be detected, just a significant shift in the mean can, with the amount of precipitation in spring becoming less, and in winter the total being closer to the average, as the value of the mean has significantly changed. The reason for these shifts cannot be found in the meta-data and historical background information of the meteorological measurements used. Even in the case of Keszthely, the assumption of the presence of similar changes to those experienced and shown to have taken place in the wider region is not justifiable; despite this, it can nonetheless be concluded that signs of modifications in precipitation related to climate change can be detected in the long time series. 
